Aims Our original study, the first national prospective study of new-onset heart failure from heart muscle disease in children, showed overall 1-year survival of 82%, and event (death or transplantation)-free survival of 66%. This study aimed to evaluate 5 + year outcomes of this important cohort.
Introduction
Symptomatic heart failure from heart muscle disease in children is the commonest indication for heart transplant in children of all ages in the UK, and over a year of age worldwide. 1 Although rare, it is a major cause of morbidity and mortality, and caring for this group of patients requires not only detailed knowledge of a heterogeneous group of conditions, but also significant resource allocation. However, the epidemiological data on paediatric heart failure are scarce. Two studies from the USA have used retrospective database analyses to look at heart failure-related intensive care admissions in children with cardiomyopathy 2 and heart failure-related hospitalizations, 3 but this latter study included children with congenital heart disease. Our original study involved prospectively collecting data on all children <16 years of age who were admitted to hospital in the UK and Ireland with a new diagnosis of heart failure from heart muscle disease through one calendar year, from January-December 2003. 4 The impetus for this study arose from a question posed by the UK Department of Health National Speciality Commissioning Group, who commission heart transplantation and mechanical support in the National Health Service, as to the incidence of symptomatic heart failure from heart muscle disease in children. This was calculated as 0.87/100 000, with a better 1-year outcome on multivariable analysis for younger children and those with better systolic function at presentation. Overall, a third of children died or required transplantation within a year of presentation.
As this was the first national prospective study of paediatric heart failure from heart muscle disease, with a well defined geographical area, population and time course, we then undertook a follow-up study to determine longer-term outcomes for this important cohort of patients and to determine whether the predictors of outcome were the same as for the 1-year follow-up study. Our aim was to provide useful information for clinicians, patients and their families on the longer-term consequences of paediatric heart failure, to help guide decisions about management.
Methods

Original study cohort
As previously published, 4 this comprised 104 children <16 years of age who required hospital admission from January-December 2003 for new-onset heart failure from heart muscle disease. The cohort included primary cardiomyopathies, those secondary to neuromuscular or metabolic disease, anthracycline toxicity and previously undiagnosed arrhythmia. The predominant phenotype was of dilated cardiomyopathy, with just one case of restrictive cardiomyopathy. No children with hypertrophic cardiomyopathy presented with symptoms of heart failure during the study enrolment period. Heart failure was diagnosed by the attending cardiology consultant on the basis of history, clinical symptoms and signs and echocardiographic evidence of heart muscle disease. Children with structural heart disease, a known history of arrhythmia, or heart failure as part of multiple-organ failure (as in septicemia, for example) were excluded.
Follow-up study design
As with the original study, this follow-up study was undertaken on behalf of the British Congenital Cardiac Association. All paediatric cardiology consultants at the 17 centres in the UK and Ireland were emailed with details of the follow-up study proposal at the end of 2008. A study correspondent in each of the 14 units with 1 year event (death or transplant)-free survivors from the original study was identified. In several cases. these were the same correspondents as for the original study.
Research and Development and Ethics Committee approvals were obtained centrally for all units involved in the study, so as to be compliant with the Declaration of Helsinki. All data forwarded to the investigators were anonymised with patients being identified by their designated study numbers from the original study. The investigators were therefore blinded to patient identity other than those from their own unit. Written consent for inclusion was sought from parents or guardians of patients who were still <16 years, or from the patients themselves if they were older, by the correspondents in each centre.
Correspondents were asked to complete a questionnaire based on the most recent outpatient appointment or hospital admission, or the last visit if the patient had been discharged. They were also asked to supply anonymised echo images from that visit on disc if they were available, for central analysis.
Data collection
Details requested on the questionnaire included date of last review, weight and height, New York Heart Association class (using the Ross classification for younger children), aetiology (confirmed/suspected), status (alive/listed for transplant/ transplanted/dead), details of any hospital readmissions, current medications and follow-up frequency or discharge date.
As in the original study, the authors accepted diagnoses as given by the study correspondents, but where these had changed since the original study, the reason for the change was sought. Echocardiographic images requested included left ventricular dimensions and fractional shortening measurement on M-mode, and two-dimensional imaging in apical four-chamber and parasternal long axis views to show the presence or absence of intracardiac thrombus and mitral regurgitation. The echocardiograms were analysed by a single investigator who was blinded to outcome at the time of analysis. Left ventricular dimensions and fractional shortening measurements were checked and Z scores calculated using the app Cardio Z (www.ubqo.com), which is endorsed by the British Congenital Cardiac Association and widely used in the UK.
Statistical analysis
As in the original study documenting 1-year outcomes, our primary outcome measures were death, cardiac transplant or recovery during the follow-up period. Survival was defined either as overall survival, that is, freedom from death, or event-free survival, that is, freedom from death or transplant. Recovery was defined as normalization of echocardiographic findings with cessation of all cardiac medications. Statistical methods focused on analysing the impact of diagnosis, age and fractional shortening measurement at presentation on outcome. The methods used were the same as for the original study, to allow for a valid comparison of predictors of outcome. Cox regression modelling was used to generate hazard ratios with 95% confidence intervals to identify patient factors associated with event-free survival. Kaplan-Meier survival curves were generated using death and transplant as the event occurrence, to produce 5 and 10 year overall and event-free survival figures.
Results
Of 104 children in the original study, there were 69 event-free survivors at 1 year after presentation. Of these, three were lost to follow-up, despite prolonged attempts to contact patients and families by local teams, and two moved abroad, leaving 64 patients on whom longer-term follow-up data were obtained. Only one of the three patients lost to follow-up had transitioned to adult cardiac services.
Aetiology
Since the original study, more extensive family screening revealed other affected family members in two cases, one of whom had been thought to have idiopathic dilated cardiomyopathy, and one to have had myocarditis. One further case of apparent idiopathic dilated cardiomyopathy was subsequently diagnosed with an underlying mitochondrial cytopathy, and one girl with apparently isolated left ventricular non-compaction subsequently developed a generalized myopathy and died at 9 years of age.
In addition, one child with dilated cardiomyopathy went on to develop short stature with lax joints, and one (also with dilated cardiomyopathy) to develop autism, but no underlying syndrome was identified in either case, and it may be these clinical findings are independent of each other.
Outcome
There were three deaths at 2.2, 3.3 and 9.0 years after presentation. The first of these was in a 2-year-old boy with dilated cardiomyopathy diagnosed at 4 months of age, the second in a 19-year-old woman diagnosed with dilated cardiomyopathy who was subsequently found to have recurrent atrial tachycardias and the third in the girl who developed an underlying generalized myopathy having been diagnosed initially with left ventricular non-compaction in the neonatal period. Only one child was transplanted more than 1 year out from presentation (in contrast to the 17 who were transplanted in their first year following diagnosis, as presented in the original study). This was carried out 5.2 years after initial presentation in a boy diagnosed with dilated cardiomypathy at 3 months of age. No patient underwent implantation of a cardioverter defibrillator during the follow-up period.
Our original study reported overall 1-year survival of 82%, and event (death or transplant)-free survival of 66%. Data from this study showed the overall survival at 5 years to be 77%, and event-free survival 62%. At 10 years, these figures were 73% and 59%, respectively. Kaplan-Meier curves for overall and event-free survival are shown in Figures 1 and 2 , respectively. For both curves, survival conditional on 1-year survival was 94% at 5 years, and 89% at 10 years.
For the 60 longer-term event-free survivors, the median (range) follow-up duration was 9.04 (5.0-10.33) years for the 45 patients still under review, and for the 15 patients who had been discharged, their median (range) time to discharge was 5.25 (0.67-10.0) years. Follow-up frequency varied from monthly to 5 yearly. Fifty-eight patients were in NYHA Class 1, and two in Class 2. Twenty-seven patients (45%) required one or more readmissions to hospital. The most frequent cardiac indication for readmission was to commence carvedilol therapy (n = 9). Other cardiac indications included further episodes of heart failure, medical or catheter treatment of arrhythmias and one child with dilated cardiomyopathy developed endocarditis on the mitral valve, which eventually required surgery. Non-cardiac indications included respiratory infections, diarrhoea and vomiting, ear, nose and throat procedures and admissions for management of other pre-existing conditions such as juvenile chronic arthritis and liver disease.
On echocardiogram, 41/60 patients had normal studies at last follow-up, defined as left ventricular dimensions and wall thicknesses within the normal range for weight and height (Z scores À2 to +2), a fractional shortening measurement >/ = 30%, and no evidence of mitral regurgitation or intracardiac thrombus. This group included all 15 patients who were discharged from cardiac follow-up. Fourteen cases had mild functional impairment, defined as a fractional shortening measurement of 20-29%, and one had moderate impairment with a fractional shortening measurement of 18%. Mitral regurgitation was mild in 8 and Figure 1 Kaplan-Meier curve to show overall survival from original presentation to 5 and 10 years.
UK and Ireland paediatric heart failure study moderate in 1. No intracardiac thrombi were seen, and there were no further reports of thrombotic events.
Outcomes for the entire study cohort, through from their original presentation in 2003, are shown in the flow diagram in Figure 3 .
Treatment
Of the 45 patients under continuing follow-up, 23 remained on medication, all of whom were on afterload reduction either in the form of an Angiotensin Converting Enzyme inhibitor (n = 22; lisinopril 12, enalapril 4, captopril 3 and ramipril 3), or losartan (n = 1). Thirteen patients were additionally on β-blockers (carvedilol nine, propranolol, bisoprolol, atenolol and metoprolol one each), two on diuretics, three on digoxin, three on aspirin and one on flecainide. No patients were discharged from medical follow-up while still on medication.
Factors predicting outcome
Variables analysed included age, diagnosis and fractional shortening measurement on echocardiogram, all from the time of presentation in 2003. The same methodology was used as in the original study, to ensure a valid comparison. 4 As in the original study, when all diagnostic groups were included in the multivariable model, only older age at presentation predicted death or transplantation significantly. However, when patients with a diagnosis of restrictive cardiomyopathyinduced or arrhythmia-induced heart failure were removed from the analysis (because of their tendency to have relatively preserved fractional shortening at presentation), fractional shortening also contributed significantly to the model. The hazard ratios and 95% confidence intervals are shown in Table 1 . The hazard ratio for fractional shortening implies a 9% reduction in hazard for each point increase in fractional shortening measurement.
Therefore the predictors of outcome are the same as for the original study; with younger age and better fractional shortening measurement at presentation predictive of improved outcome both at 1 year and over the longer term.
Discussion
Unique features of this study
This study has shown for the first time that children who survive an initial hospitalization with heart failure from heart muscle disease have a good medium-term survival (82% overall 1-year survival but 77% at 5 years and 73% at 10 years, with survival conditional on 1-year survival 94% & 89% at 5 and 10 years respectively). There is a good functional outcome for survivors with 97% in New York Heart Association class I and 3% in class II.
Few studies are published on heart failure in children, and comparison between them is difficult because of variation in inclusion criteria, especially due to the inclusion of children with congenital heart disease. 2, 3, 5 In developing countries, anaemia and infection also contribute to differences in incidence. Little is known about the longer-term outcomes in survivors of new-onset heart failure. Our study was initiated by Public Health Commissioners and focussed on children with heart muscle disease as they are the population most likely to need transplantation and mechanical support. Their good longer-term outcome is encouraging.
Since our original study, follow-up of patient cohorts from the Australian Childhood Cardiomyopathy Study and the American Pediatric Cardiomyopathy Registry have now provided valuable data about longer-term outcomes for specific diagnostic groups. 6, 7 This UK and Ireland National cohort differs in that it was selected to look at outcomes of symptomatic new-onset heart failure in children, rather than cardiomyopathy per se. The original entry criteria stipulated that whatever the underlying cause of the heart muscle disease, the symptoms of heart failure at presentation had to be severe enough to warrant hospital admission. These criteria were designed to detect children with the highest risk of morbidity and mortality, with the initial aim of helping with service provision and resource allocation within the National Health Service. The study is also unique as all the data for both the original and follow-up studies were acquired prospectively, and being a national study has provided a clearly defined geographical area and study population. Therefore, despite the relatively small numerical size of this study cohort compared with cardiomyopathy registry series, the findings are an important addition to the current literature and will hopefully help guide clinicians and families in making decisions about treatment options at each stage of the patient journey.
Myocarditis
In the original paper, myocarditis was diagnosed on clinical grounds, together with raised inflammatory markers and positive viral serology. Myocardial biopsy was not undertaken routinely in these cases due to the risks associated with the procedure, and because the disease is often patchy, such that there is a significant possibility that an affected area of myocardium may be missed. While this may lead to an underestimate of myocarditis, encouragingly suspected/probable myocarditis has a similar outcome to biopsy proven myocarditis. 8 However, myocarditis may also be overdiagnosed, as it may be difficult to distinguish from an intercurrent infection unmasking an underlying case of dilated cardiomyopathy. Indeed, one case of suspected myocarditis from our original UK and Ireland paediatric heart failure study 111 series was subsequently found to have a familial dilated cardiomyopathy. Fortunately, recovery of function is also seen in children with dilated cardiomyopathy. 9 Familial dilated cardiomyopathy
The proportion of dilated cardiomyopathy cases which are familial varies in the published literature, with some series reporting a frequency up to 40%. 10 This figure may rise further as new mutations are identified. As only two additional cases of this longer-term follow-up cohort were found to have familial disease, this is probably an underestimate of the true total. This may be partly due to the disease not yet having manifested in other family members, but also the possibility that screening of first degree relatives, though usually recommended, may not always be completed. Although the genetic basis for the majority of cases of dilated cardiomyopathy is poorly understood at present, there is increasing awareness amongst the paediatric cardiac community of the need for screening for familial disease, and an increasing willingness amongst primary care physicians in the UK and Ireland to make the necessary referrals, so hopefully the situation will improve in the coming years. At the time of enrolment of the original study cohort in 2003, genetic testing for childhood cardiomyopathy was not routinely undertaken in the UK and Ireland, but this is now carried out in selected cases in the majority of centres.
Results from the Australian Cardiomyopathy in Childhood Study showed that outcome for familial cases of dilated cardiomyopathy was worse than non-familial cases, but other studies have shown no difference between these two groups. 6, 11 Risk of sudden cardiac death There were no cases of sudden cardiac death in dilated cardiomyopathy patients in this cohort. Pahl et al. calculated a 5-year incidence rate of 3% of sudden cardiac death in a cohort of 1803 children with an underlying diagnosis of dilated cardiomyopathy. Risk factors included age at diagnosis younger than 14 years, worse left ventricular dilatation, and left ventricular posterior wall thinning. 12 Data on 289 patients from the National Australian Cardiomyopathy Study have shown a cumulative incidence of sudden cardiac death at 15 years of 5% in dilated cardiomyopathy, 12% in restrictive cardiomyopathy and 23% in left ventricular non-compaction, indicating that type of cardiomyopathy is an important predictor of risk. 13 Although one of the three deaths in this study was sudden, this was in a patient who had initially presented with heart failure, which was subsequently found to be associated with a chronic atrial tachyarrhythmia. The other two deaths occurred in hospital following multiple admissions for worsening heart failure. The fact that one of these two was associated with neuromuscular disease, as were two of the early deaths in the original study, reinforces the positive longer-term outcome for children who do not have systemic progressive disease.
Predictors of outcome
The predictors of outcome identified in this study cohort were the same as for our original 1-year follow-up study. They are also consistent with and enhance the data from cardiomyopathy series, despite the fact that this patient cohort was selected on the basis of clinically significant heart failure, rather than a diagnosis of cardiomyopathy per se. There is a broad and expanding consensus that there is a better outcome with younger age at presentation, excepting those under 4 weeks of age, who were identified as a separate group with a worse outcome in the Australian dilated cardiomyopathy study. 6, 9, 14, 15 A variety of echocardiographic parameters have been used in different studies as predictors of recovery, including left ventricular end diastolic dimensions, left ventricular fractional shortening or ejection fraction measurements and septal peak systolic tissue Doppler velocities. Fractional shortening measurement was chosen in this study as it is the functional measurement most widely used by paediatric cardiologists in the UK and Ireland, and it is quick to perform, which is important given that children may not be cooperative for echocardiography. The limitation of this form of functional assessment is that it is load dependent, but despite this, the findings of multiple studies are consistent in that, whichever echocardiographic parameter is used, worse measurements on presentation equate with a worse outcome.
Serial serum N-terminal prohormone brain natriuretic peptide levels have also been used as a predictor of outcome in children with dilated cardiomyopathy 16, 17 with falling levels both an early and an accurate predictor of recovery. However, in the UK at the present time, these levels are not routinely measured in paediatric heart failure patients in all centres, and therefore, it was not possible to collate data about peptide levels for this study. Hopefully, with increasing awareness of the usefulness of this marker, its use will become more widespread.
Drug treatments for heart failure This study was not designed to assess the impact of drug therapy. The good longer-term outcomes may be interrelated with the therapies used, but this cannot be determined from this study. Have paediatric heart failure outcomes improved?
There is an ongoing debate about the extent to which outcomes of heart failure from heart muscle disease in children have improved over the years. 15 Differences of opinion arise partly because of varying lengths of historical perspective, and partly because of the criteria used to judge improvement. An entire generation of paediatric cardiologists in the UK and internationally was taught the maxim that in children with myocardial disease, a third die, a third develop chronic impairment, and a third get better. This originated from Greenwood's 1976 study of 161 children with a mean age of 3.7 years, whose heart failure symptoms were treated with a combination of diuretics, digoxin and steroids. 18 The data from this heart failure cohort and published cardiomyopathy series would suggest that a third of patients do either die or require a transplant within the first year of life, but that thereafter the majority get better with medical management and the passage of time, albeit with a small attrition rate.
Conclusions
While our original study showed that early morbidity and mortality in new-onset heart failure from heart muscle disease in children were significant, this follow-up study shows that children who survive the first year have a good longerterm outcome with survival conditional to 1 year of 94% at 5 years and 89% at 10 years, even though all of this unique cohort were hospitalized due to their heart failure at presentation.
